We present a systematic study on the preparation, characteration and potential application of Fe 3 
INTRODUCTION
Over the past decade, magnetic nanomaterials have attracted increasing attention in research because of their unique physical and chemical properties and their many potential applications in bio and environmental fields. 1 2 Magnetic nanoparticle (NP) is one of the most important magnetic nanomaterials. 3 4 Up to now, a number of papers have been reported on synthesizing a variety of functional magnetic NPs. 5 6 Because Fe 3 O 4 @SiO 2 magnetic NPs consist of iron oxide core and silica shell, they possess excellent bio-separation, enzyme immobilization, diagnostic and therapeutic functions with unique magnetic responsivity, chemically modifiable surface and low cytotoxicity. [7] [8] [9] Preparation of Fe 3 O 4 and Fe 3 O 4 @SiO 2 magnetic NPs has a long history. There are several approaches and strategies for their synthesis, such as physical mechanogrinding, gas phase vapor deposition and * Authors to whom correspondence should be addressed.
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aqueous-solution-based routes incuding microemulsion, sol-gel process and coprecipitation of ferrous and ferric salts. [10] [11] [12] To our knowledge, solvothermal technique is a typical approach to prepare nanoscale materials with controlled shape, size, crystal plane and electrochemical property. 13 During the past decades, various Fe 3 O 4 morphologies including nanospheres, [14] [15] [16] nanocubes, 17 18 nanowires, 19 20 nanooctahedra, 21 22 nanotubes, 23 24 nanorings, 25 26 nanoplates 27 28 and nanoprisms 29 30 
MATERIALS AND METHODS

Material
All the chemicals used were of analytical grade from Shanghai Chemical Reagent. Water used in the experiments was deionized (DI), doubly distilled, and deoxygenated prior to use.
Methods
Preparation of Fe 3 O 4 NPs
Fe 3 O 4 NPs were produced via solvothermal process. Briefly, FeCl 3 · 6H 2 O (1.35 g) was dissolved in 40 mL EG. Subsequently, NaAc (1.8 g) and PEG 6000 (1.0 g) were added, followed by vigorous stirring for 30 min. Various dosages of FeCl 3 · 6H 2 O, NaAc and PEG 6000 were used in our experiments. The pH value of the mixed solution was adjusted from 5.4 to 10. Afterward, the mixtures were sealed in a Teflonlined stainless steel autoclave and maintained at 473 K for 8 h before cooling to room temperature. The black precipitate was separated from the reaction medium under a magnetic field and washed 3 times with DI water and 2 times with ethanol. Finally, Fe 3 O 4 NPs were re-dispersed in DI water.
The particle size and morphology of the samples were determined by transmission electronic microscope (TEM) (JEM2200CX, JEOL Ltd., Tokyo, Japan) operating at 200 kV. Magnetization measurements of Fe 3 O 4 NPs were performed at room temperature using vibration sample magnetometer (VSM) (Lakeshore 7407, Lake Shore Cryotronics, Inc., Westerville, OH, USA).
Preparation of Fe 3 O 4 @SiO 2 NPs
SiO 2 shells were coated on the synthesized Fe 3 O 4 NPs through Stöber process with minor modifications. In the typical reaction, 2.5 mL of tetraethoxysilane (TEOS) and 3 mL of ammonia was added into 150 mL 75% ethanol/water solution containing 0.25 g of the above obtained Fe 3 O 4 NPs in turn followed by mild stirring for 3 h at room temperature. The precipitate was separated from the reaction medium under a magnetic field, and rinsed 3 times with DI water and 2 times with ethanol. Consequently, the black powders were dried at 333 K for 6 h and Fe 3 O 4 @SiO 2 NPs were obtained.
The morphology characterization of Fe 3 O 4 @SiO 2 NPs was determined by TEM as described above.
Preparation of SA-Modified Fe 3 O 4 @SiO 2 NPs
SA-modified Fe 3 O 4 @SiO 2 NPs were prepared as described previously with minor modifications. 33 34 Fe 3 O 4 @SiO 2 NPs were first modified with amino groups using 3-aminopropyl triethoxysilane (APTS), then modified with aldehyde groups using 25% glutaraldehyde (v/v) by Schiff reaction between amino and aldehyde group. Afterwards, the NPs were magnetically washed with phosphate buffer (PB, 0.1 M, pH 7.0) to remove excess glutaraldehyde and then the aldehyde-modified NPs were incubated with SA overnight. The ratio of NPs and SA was optimized. The concentration of SA in the supernatant was measured by ultraviolet spectrophotometer (Agilent 8453, Agilent Technologies, Inc., Santa Clara, CA, USA). The wavelength used for detection was 595 nm. The amount of SA immobilized on Fe 3 O 4 @SiO 2 NPs could be then calculated by deducting the amount of SA in the supernatant from the total ones. Finally, the SA-modified Fe 3 O 4 @SiO 2 NPs were washed and re-suspended with PB at the concentration of 4 mg/mL.
Capture of Biotin-Labeled Nucleic Acid on SA-Fe 3 O 4 @SiO 2 NPs
The nucleic acid sequence labeled with biotin at 5 -end and Cy3 fluorochrome at 3 -end was immobilized onto SA-Fe 3 O 4 @SiO 2 NPs through biotin-SA reaction. The oligonucleotide (5 -biotin-TGAAGGAGAAGGTGTCTGCGGGA-Cy3-3 ) of methylenetetrahydrofolate reductase (MTHFR) was used for measuring the amount of target nucleic acid fragment captured on SA-Fe 3 O 4 @SiO 2 NPs. 35 Sequential concentrations of target nucleic acid were added into NPs solution for optimal time at room temperature. The complexes consisting of labeled nucleic acid fragment and NPs were separated magnetically and the supernatant was measured to estimate the amount of 5 -biotin/3 -Cy3-labeled target nucleic acid fragment which was not captured onto NPs using microarray scanner (GenePix 4100A, Molecular Devices, Inc., Sunnyvale, CA, USA) at the wavelength of 635 nm for excitation and 675 nm for emission. The amount of target nucleic acid fragment captured on SAFe 3 O 4 @SiO 2 NPs could then be calculated by deducting the amount of non-captured target nucleic acid fragment from the total amount of introduced target nucleic acid fragment. concentration. Figure 1 shows significantly via adjusting pH value in the original mixture (Table I ). The whole reaction was completed in an enclosed holder and the real-time pH value in the solution could not be controlled. Therefore, the pH value determination could only be adjusted in the original reaction solution. Without sodium hydroxide (NaOH), the pH value of the original mixture was ∼5.4, resulting into NPs with ∼600 nm diameter ( Fig. 1(A) ). The pH value increased from 5.4 to 5.8 with addition of NaOH and was responsible for the diameters of NPs being tuned from ∼600 nm to ∼100 nm. When the pH value reached 6.0, the average diameter of NPs sharply decreased to ∼20 nm. And when the pH value reached 10.0, the average diameter of NPs decreased to ∼10 nm. It was thus suggested that pH value from 5.4 to 6.0 has a crucial influence on the NPs diameter determination.
To our knowledge, co-precipitation is a common strategy to generate NPs with desirable size and tunable magnetic properties via redox reaction between Fe(II) and Fe(III). 36 37 Compared to co-precipitation methods, the redox reaction in solvothermal methods is milder, resulting in good crystallization of the products. In the present study system, the proposed synthesis process is described as follows. Acetaldehyde and hydroxyl were produced through hydrolysis of EG and H 2 O (stage (1)), then Fe(III) was partially reduced into Fe(II) (stage (2)). Consequently, Fe 3 O 4 NPs were produced via redox reaction between Fe(III) and Fe(II) (stage (3)- (5)). Without extra hydroxyl, the rate of nucleation was relatively slow and the whole process was comparatively mild, which were benefited the growth of NPs with larger diameter and good crystallization. Whereas, when extra hydroxyl was introduced, the rate of nucleation was accelerated and the NPs with stable crystallization were easily and quickly made, resulting in the generation of NPs with smaller diameter. Therefore, solution pH was an important controlling parameter of reaction rate that affected the size and crystallization of synthesized Fe 3 O 4 NPs. Furthermore, the magnetic properties of NPs with various diameters listed in Table I were investigated using VSM. The saturation magnetization of NPs ranged from 31 emu/g to 85 emu/g. These results suggest that these NPs can be conveniently separated after biological reaction and they are appropriate to be used as biological carriers. Synthesized without NaOH (pH 5.4), the saturation magnetization of NPs with ∼600 nm diameter was ∼51 emu/g. The maximum saturation magnetization was ∼85 emu/g, which was the property of NPs with ∼300 nm diameter synthesized under the pH 5.6 condition. The minimum saturation magnetization was ∼31 emu/g, which was the property of NPs with ∼10 nm diameter synthesized under the pH 10.0 condition. Figure 2 shows the magnetic hysteresis loops of the original, the maximum and the minimum saturation magnetizations of Fe 3 O 4 NPs in figures 1A, 1C and 1H. However, there was no regular relationship between the magnetic properties and NPs diameters. As suggested by Cheng and colleagues, the magnetic properties of NPs are mainly determined by the average grain size but not the sphere diameter. 40 To optimize the binding efficiency of nucleic acid fragment onto NPs, gradient concentrations of biotin labeled targets were added into 100 g SA-Fe 3 O 4 @SiO 2 NPs solution and the saturated amount of the biotin labeled oligonucleotides was determined by measuring the fluorescence intensity in the supernatant. As shown in Figure 4 clearly shown in Figure 4(B) . While the concentration of labeled oligonucleotides was below 0.4 M, there was little fluorescence intensity in the supernatant. This means that the target oligonucleotides did not get saturation on the NPs. The fluorescence intensity in the supernatant increased sharply when the concentration of labeled oligonucleotides reached 0.5 M meaning that the amount of target oligonucleotides captured on NPs was saturated. Therefore, the saturation ratio of oligonucleotides and SA-Fe 3 O 4 @SiO 2 NPs was 5 M/mg. The reaction time was also optimized. As shown in Figure 5 , with addition of 0.25 M labeled oligonucleotides into 100 g SA-Fe 3 O 4 @SiO 2 NPs solution, the fluorescence intensity values were no more significantly decreased both in the commercial and home-made NPs supernatant after 20 min incubation. It can easily be concluded that the reaction had been almost completed within 20 min. Compared to commercial NPs, the reaction time of home-made NPs was shorter and the amount of captured target oligonucleotides was more. Therefore, the nucleic acid binding efficiency of home-made NPs was higher than commercial ones and they also proved to be excellent carriers in nucleic acid analysis.
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CONCLUSIONS
Fe 3 O 4 and Fe 3 O 4 @SiO 2 NPs possess a series of unique properties including stable core-shell structure, high specific surface area and well modifiable surface, which endow them with great potential applications in the fields of bio-separation, biomedicine, environmental conservation, and so on. [41] [42] [43] In the present study, Fe 3 O 4 NPs of controllable diameter were successfully synthesized according to the solvothermal system with tuned pH. It is hypothesized that the redox reaction between Fe(II) and Fe(III) in the system was accelerated and became more severe with introduction of alkali. 
